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Available online 16 April 2014AbstractMaintenance of the sporting activity of elite athletes in adapted sports can be difficult if a secondary disorder, such as a pressure ulcer, occurs.
Pressure ulcers result from deep tissue injuries by external pressure. The purpose of this study was to use ultrasonography to investigate deep
tissue injuries in male wheelchair basketball players of a Japanese national team, and to determine factors associated with the injuries (e.g., body
mass index, class of wheelchair basketball, underlying disease, length of athletic career, and whether use of wheelchair is primarily for playing
basketball). Twenty male Japanese wheelchair basketball players on the national team for the 2012 London Paralympic Games (12 representative
players and eight candidate representative players) participated in this study. The sacral region and bilateral ischial regions in each athlete were
examined by ultrasonography to detect low-echoic lesions indicative of deep tissue injuries. Nine (45%) players had low-echoic lesions, which
were detected in 10 of 60 areas. Eight lesions were detected in the sacral region and two lesions were detected in the ischial region. More players
with spinal cord injury had low-echoic lesions [9 (69.2%) of 13 players], compared to players with skeletal system disease [0 (0%) of 7 players,
p ¼ 0.002]. Players who used a wheelchair in daily life were more likely to have low-echoic lesions [8 (66.74%) of 12 players], compared to
players who primarily used a wheelchair for playing basketball [1 (12.5%) of 8 players, p ¼ 0.010]. Deep tissue injuries were detected in 45% of
male Japanese wheelchair basketball players on the national team. Players with spinal cord injury and players who used a wheelchair in daily life
were more likely to have deep tissue injuries, particularly in the sacral region. The lesions were small, but a periodic medical check should be
performed to maintain athletes’ sporting life.
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Since 1960, wheelchair basketball has been included in the
Summer Paralympics. However, maintaining the sports ac-
tivity of wheelchair users can be difficult if a secondary dis-
order such as a pressure ulcer occurs. A pressure ulcer is
frequently associated with deep tissue damage, and ise Society. Published by Elsevier (Singapore) Pte Ltd. This is an open access
c-nd/4.0/) .
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skin”.1,2 A growing body of evidence suggests that most
pressure ulcers result from deep tissue injuries.3,4 External
pressure leads to necrosis that first develops in the subcu-
taneous fat and/or muscle tissue, and subsequently appears in
the skin.3,4 Skin has more tolerance to ischaemia in compar-
ison to subcutaneous tissues such as fat and muscle.5e7 The
depth of pressure ulcers and damage to deep tissue are clas-
sified only by visual inspection.3,8 In 2001, the National
Pressure Ulcer Advisory Panel concluded that dark purple or
bruised areas over bony prominences with intact skin may
indicate damage to deeper tissue.9 In 2007, the new classifi-
cations “suspected deep tissue injury” and “unstageable” were
added.10 Deep tissue injury is defined as injury to soft tissue
resulting from pressure and/or shear. The use of intermediate
frequency ultrasound reliably identifies deep tissue injury and
may contribute to the prevention and treatment of pressure-
related ulcers.11 The use of 10-MHz ultrasonography can
detect deep tissue injury and deep tissue necrosis as low-
echoic lesions.11 Low-echoic lesions are small lesions with
a relatively clear margin that have little or no echoic signal
and may correspond to a nonvascularised area such as a
haematoma, seroma, or necrotic tissue.11 Low-echoic lesions
in patients with spinal cord injuries are detectable by ultra-
sonography and represent early stage deep tissue injury.12 In
elite athletes in adapted sports, no studies on deep tissue in-
juries detected by ultrasonography have been reported. We
hypothesised that athletes with spinal cord injury may have
more deep tissue injuries, compared to athletes without spinal
cord injury. The purpose of this study was to investigate deep
tissue injuries in male wheelchair basketball players of a
Japanese national team using ultrasonography, and to deter-
mine factors associated with the injuries [e.g., body mass
index (BMI), class of wheelchair basketball, underlying dis-
ease, length of athletic career, and whether the wheelchair is
used for primarily playing basketball].
Materials and methods
Twenty male Japanese wheelchair basketball players (age,
30.0  5.1 years) on the national team for the 2012 London
Paralympic Games (12 representative players and eight
candidate representative players) participated in this study.
Pressure ulcers of the skin of the athletes were not detected by
visual inspection or palpation. The sportsmen played wheel-
chair basketball 2e5 days/week for 2e4 hours/day.
The study protocol was approved by the Human Ethics
Review Committee of Ibaraki Prefectural University of
Health Sciences (Ami, Japan). All athletes gave informed
consent.
Portable ultrasonography with a 10-MHz probe using a
linear array (SonoSite MicroMaxx, Fujifilm, Tokyo, Japan)
was used to image the sacral region and the bilateral ischial
regions with the athletes lying prone on a bed.11,12 A total of
60 areas in the 20 athletes were analyzed. Low-echoic lesions
were scanned in B-mode imaging from the skin to the bone by
one ultrasonographer. A low-echoic lesion is a small lesionwith a relatively clear margin that has little or no echoic
signal. The longitudinal distance and thickness of each
detected lesion were measured.
We investigated the association between low-echoic lesions
and BMI, class of wheelchair basketball, underlying disease,
length of athletic career, and wheelchair use. In calculating the
BMI (kg/m2), we used the arm span instead of height, because
some participants were congenitally lacking the bilateral lower
limbs. We determined that a lower limb was 18.5% of the body
height, and a leg was 7.1% of the body height.13 We then
classified BMI into three groups: (1) a person with a BMI less
than 18.5 kg/m2 was defined as “thin” (n ¼ 2); (2) a person
with a BMI of 18.5e25 kg/m2 as “standard” (n ¼ 11); and (3)
a person with a BMI more than 25 kg/m2 as “obese” (n ¼ 7).
Wheelchair basketball players were divided by the Inter-
national Wheelchair Basketball Federation (IWBF) into four
classes for trunk function: Class 1, rotation, flexion-extension,
and lateral bending of trunk are impossible (n ¼ 5); Class 2,
rotation of trunk is possible, but flexion-extension and lateral
bending of trunk are impossible (n ¼ 3); Class 3, rotation and
flexion-extension of trunk are possible, but lateral bending of
trunk is impossible (n ¼ 6); Class 4, rotation, flexion-
extension, and lateral bending of trunk are possible (n ¼ 6).
We classified these groups into two categories, because we
wanted to clarify the influence of pelvic stability: Category A
(Classes 1 and 2) in which the athletes have a lack of pelvic
stability because of insufficient trunk muscular strength
(n ¼ 8); and Category B (Classes 3 and 4) in which the ath-
letes have pelvic stability because of sufficient trunk muscular
strength (n ¼ 12).
We classified the underlying disease into two groups: (1)
spinal cord injury (Th4, 1 athlete; Th6, 1 athlete; Th10, 1
athlete; Th10/11, 1 athlete; Th11/12, 1 athletes; L1, 1 athlete;
L2/3, 1 athlete; L4/5, 1 athlete; L5, 1 athlete, spina bifida, 4
athletes; n ¼ 13); and (2) skeletal system disease (above-knee
amputation, 3 athletes; below-knee amputation: 2 athletes;
congenital bilateral limb loss, 1 athlete; avascular necrosis of
the femoral head, 1 athlete; n ¼ 7). In the spinal cord injury
group, seven of the 13 athletes had partial sensation in the
ischial and sacral regions, but the other six athletes did not
have sensation in those regions. In the spinal cord injury
group, four of the 13 athletes had spasticity, but the other nine
athletes did not have spasticity.
We classified the length of the athletes’ career into two
groups: (1) less than 10 years (n ¼ 8) and (2) 10 years or more
(n ¼ 12).
We classified wheelchair use into two groups: (1) the
athlete primarily used the wheelchair for playing basketball
(i.e., the “sports chair” group; n ¼ 8); and (2) the athlete used
the wheelchair in daily life and for playing basketball (i.e., the
“day chair” group; n ¼ 12). There were 12 athletes with spinal
cord injuries in the day chair group and there was one athlete
with spinal cord injury and seven athletes with skeletal system
diseases in the sports chair group. In the day chair group,
seven of the 12 athletes used a urethane cushion and the other
five athletes used a gel cushion for playing basketball. By
contrast, in the sports chair group, seven of the eight athletes
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hard cushion, which provided poor cushioning for playing
basketball. In the day chair group, one of the 12 athletes used a
urethane cushion, five athletes used a gel cushion, and the
other six athletes used an air cushion in daily life. In the sports
chair group, six of the eight athletes used a hard cushion, one
athlete used a gel cushion, and one athlete did not use any
cushions in daily life. The athletes in the sports chair group
used wheelchairs for 3.3  1.9 hours per day, whereas the
athletes in the day chair group used wheelchairs for
13.8  2.5 hours per day. In daily life, the athletes in the day
chair group used made-to-order wheelchairs with mobility. By
contrast, seven athletes in the sports chair group used wheel-
chairs of the ready-made article with mobility and the
remaining athlete did not use a wheelchair.Statistical analysisContinuous variables are expressed as the mean  the
standard deviation. The Mann-Whitney U test at a significance
level of p < 0.05 was used to determine the association be-
tween the low-echoic lesions and each factor (i.e., BMI, class
of wheelchair basketball, underlying disease, athletic career,
and wheelchair use).
Results
Nine (45%) of the 20 athletes had low-echoic lesions,
which were detected in 10 of 60 areas. Low-echoic lesions
were small lesions with a relatively clear margin that had little
or no echoic signal (Fig. 1). Eight lesions were detected in the
sacral region, two lesions were detected in the right ischial
region, and no lesion was detected in the left ischial region.
The mean longitudinal distance and mean thickness of the
low-echoic lesions were 7.82  3.63 mm and 1.65  1.15 mm,
respectively. Low-echoic lesions were found in nine (69.2%)
of the 13 athletes with spinal cord injury, compared to none
(0%) of the seven athletes with skeletal system diseaseFig. 1. Typical ultrasound sagittal image. A low-echoic lesion (arrow) is near
the sacrum. The longitudinal distance and thickness of the low-echoic lesion
are 13.4 mm and 2.5 mm, respectively. A low-echoic lesion is a small lesion
with a relatively clear margin that has little or no echoic signal.(p ¼ 0.002). Six of the nine athletes had partial sensation in
the ischial and sacral regions; the other three athletes did not
have sensation in these regions. Two athletes also had spas-
ticity, but the other seven athletes did not have spasticity. More
players in the day chair group had low-echoic lesions
[8 (66.7%) of 12 athletes], compared to players in the sports
chair group [1 (12.5%) of 8 athletes, p ¼ 0.010].
In the day chair group, four of the eight athletes used a
urethane cushion and the other four athletes used a gel cushion
for playing basketball. In daily life, one athlete used a urethane
cushion, three athletes used a gel cushion, and the other four
athletes used an air cushion. One athlete of the sports chair
group used a urethane cushion for playing basketball but used
a gel cushion in daily life.
There was no significant association between low-echoic
lesions and BMI (p ¼ 0.073), basketball class (p ¼ 0.105),
and length of athletic career (p ¼ 0.105). Table 1 summarises
the results.
Discussion
The main finding of this study is that deep tissue injuries
were present in 45% of the male wheelchair basketball players
of the Japanese national team for the 2012 London Paralympic
Games. Players with spinal cord injury and players who used a
wheelchair in daily life were more likely to have deep tissue
injuries (69.2% and 66.7%, respectively), particularly in the
sacral region.
There was no association between BMI and deep tissue
injuries. However, obesity can be a risk factor for deep tissue
injury in patients with spinal cord injury.14 The high physical
activity of the athletes in this study may have resulted in
increased ischial blood flow, decompression of the ischial re-
gions, and possible reduction in the overall incidence of
pressure ulcers in athletes with a high BMI.12 There was also
no relation between basketball class and deep tissue injuries.
This classification does not reflect whole body function and is
only an expression of trunk function.
Deep tissue injuries were detected in 10 (16.7%) of 60
areas examined. All injuries were present in players withTable 1
Each factor and the number of low-echoic lesions.
Participants
(N ¼ 20)
Participants
with low-echoic
lesions (N ¼ 9)
p
Body mass
index
>25 7 1 0.073
18.5e25 11 6
<18.5 2 2
Class Category A 8 5 0.105
Category B 12 4
Disease Spinal cord injury 13 9 0.002*
Skeletal system
disease
7 0
Athletic
career (y)
10 12 4 0.105
<10 8 5
Wheelchair
use state
Day chair group 12 8 0.010*
Sports chair group 8 1
*Indicates a significant difference, p < 0.05.
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athletes with spinal cord injury had deep tissue injuries. In a
previous study, low-echoic lesions were observed in 17
(13.4%) of 129 areas in athletes with spinal cord injury.12
Patients with spinal cord injury have decreased immune
function, impaired nutritional status, and depressed cell
adhesion, all of which delay wound healing15 and impair the
body’s ability to heal pressure ulcers completely. Therefore,
spinal cord injury can be a risk factor for deep tissue injuries,
even if a person is an elite athlete.
Players who used a wheelchair in their daily life had more
deep tissue injuries, compared to players who used a wheel-
chair only for playing basketball; however, there was no as-
sociation between the length of athletic career and deep tissue
injuries. Deep tissue damage may be induced through two
main mechanisms of external and/or internal pressure forces.
External pressure and/or shear force and its counteractive
force from bone prominences directly cause tissue ischaemia
and deformation, leading to deep tissue necrosis.16,17 By
contrast, significant swelling can cause ischaemia and tissue
necrosis.18 Local pressure is a very common cause of pressure
ulcers, and the distribution of pressure depends to a great
extent on the overall functional status. Trochanteric and sacral
ulcers are more prevalent in the bedridden patient, whereas
ischial ulcers are found almost exclusively in patients who are
able to sit for some time.19 Local pressure can be greater in
wheelchair users because they spend a longer time in the
wheelchair. The participants who utilise a wheelchair in daily
life would be more likely to sustain a deep tissue injury
because of the long time spent sitting. Therefore, a prolonged
sitting time rather than playing wheelchair basketball seems to
be a more influential factor in the development of deep tissue
injuries.
More low-echoic lesions were observed in the sacral region
than in the ischial region. A cushion and seat belt can control
pressure and shear stress in the ischial parts. However, back
rests for the sacral parts provide poor cushioning. The sacral
region is moreover subjected to strong continuous local pres-
sure and shear stress by flexion, extension, and rotation of the
trunk during wheelchair manipulation, passing a ball, catching
a ball, and shooting. We believed that this site of deep tissue
injury could be a feature in wheelchair basketball players.
The mean longitudinal distance and thickness of the low-
echoic lesions were 7.82  3.63 mm and 1.65  1.15 mm,
respectively. Therefore, we believed that the size of the deep
tissue injury was not particularly large and did not require
treatment. If deep tissue necrosis is within an absorbable size
limit, regenerated tissue and/or scar tissue can replace the
necrotised tissue. By contrast, when necrosis expands to a
nonabsorbable size, a pressure ulcer may progress to
advanced stages.12 If deep tissue injuries expand, treatment
may be required. It is important that medical staff advise
patients on the prevention of pressure ulcers. Periodic medi-
cal checks may moreover be necessary by visual inspection
and palpation and by ultrasonography screening for low-
echoic lesions.The limitations of the study were the lack of female athletes
and the small number of athletes. In addition, a longer follow-up
of athletes, a comparison with patients who do not participate in
sports, and an investigation of players of other adapted sports are
needed.
In conclusion, deep tissue injuries were present in 45% of
male Japanese wheelchair basketball players of a national
team. Players with spinal cord injuries and players who used a
wheelchair in daily life were more likely to develop deep
tissue injuries, particularly in the sacral region. The size of the
lesions was small. However, a periodic medical check is
necessary for players to maintain their sporting life.
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